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A SYNOPTIC ANALYSIS OF TIROS I1 

8.0-30 micron and  6.0-5.6 micron wavelengths  from TIROS I1 

on i t s  i n i t i a l  o r b i t  over  New Zealand are  examined i n  
d e t a i l .  A s u b j e c t i v e  a n a l y s i s  of t h e  s y n o p t i c  s i t u a t i o n  
conf i rmed t h e  f a c t  t h a t  t h e  TIRQS I1 r a d i a t i o n  data 

c l e a r l y  o u t l i n e d  two broad s c a l e  e r o n t a l  s y s t e m s  i n  t h e  

TasniLxn Sea a t  n i g h t  The e q u l v a l z i l t  b lackbody t e m p e r a t u r e s  
measured i n  t h e  8-12 micron r eg ion  were found t o  be 6 t o  1 2  

d e g r e e s  Kelv in  c o l d e r  t h a n  t h e  sea water t empera tu res  i n  warin 
r a d i a t i o n  s o u r c e  a r e a s .  I n  t he  6.0-6.5 micron r e g i o n ,  the 

e q u i v a l e n t  blackbody t e m p e r a t u r e s ,  when c o n v e r t e d  'io " e f f e c t i v e  
r a d i a t i o n  h e i g h t "  averaged  8705 . f e e t  below t h e  t ropopause  a t  
I i v e  upper  a i r  s t a t i o n s .  ,.. 
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A SYNOPTIC ANALYSIL OF TIROS I1 

RADIATION DATA OVER NEW ZEALAND AT NIGHT 
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ABS TRACT 

I n f r a r e d  r a d i a t i o n  measuremeiits i n  t h e  8-12 m i c r o n ,  
8 0-30 micron  and  6.0-6.5 micron 7,iavelengths from TIROS I1 
0 1 1  i ts  i n i t i a l  o r b i t  o v e r  New Zealand are  examined i n  
d c ! t a i l .  A s u b j e c t i v e  a n a l y s i s  of t h e  s y n o p t i c  s i t u a t i o n  
conf i rmed t h e  f a c t  t h a t  t h e  TIROS I1 r a d i a t i o n  d a t a  
c2.early o u t l i n e d  t w o  b road  scale f r o n t a l  sys t ems  i n  t h e  
Tttsman Sea a t  n i g h t .  The e q u i v a l e n t  blackbody t e m p e r a t u r e s  
measured i n  t h e  8-12 micron r e g i o n  were found t o  be 6 t o  12 
dtagrees Kelv in  c o l d e r  t h a n  t h e  sea w a t e r  t e m p e r a t u r e s  i n  w a r m  
r i -d i a t ion  s o u r c e  areas, I n  t h e  6.0-6.5 micron r e g i o n ,  t h e  
e q u i v a l e n t  blackbody t e m p e r a t u r e s  when c o n v e r t e d  t o  " e f f e c t i v e  
r : ,diat ing h e i g h t "  ave raged  8705 f e e t  below t h e  t ropopause  a t  
f i v e  upper  a i r  s t a t i o n s .  

INTRODUCTION 

The TIROS I1 (1960 P i  I )  m e t e o r o l o g i c a l  s a t e l l i t e ,  t h a t  
p r o v i d e d  t h e  data f o r  t h i s  a n a l y s i s ,  w a s  l aunched  from Cape 
C:.naveral, F l o r i d a ,  on November 2 3 ,  1960. The s a t e l l i t e  w a s  
s i k i n - s t a b i l i z e d  and s p a c e - o r i e n t e d  i n  a n e a r  c i r c u l a r  (454,4 

s l a t u t e - m i l e  apogee ,  385.6 s t a t u t e - m i l e  p e r i g e e )  o r b i t  w i t h  z 
p e r i o d  of 98.3 minu tes .  TIROS X I  w a s  t h e  f i r s t  s a t e l l i t e  t o  

be equ ipped  w i t h  a f i v e - c h a n n e l  s c a n n i n g  r a d i o m e t e r  t o  measur$- 
r e f l e c t e d  solar  r a d i a t i o n  and i n f r a r e d  e m i s s i o n  from t h e  e a r t h  
and  its a tmosphere ,  i n  a d d i t i o n  to t h e  two- te lev is ion-camera  
s y s t e m .  
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The r a d i a t i o n  d a t a  selected f o r  t h i s  a n a l y s i s  were 
o b t a i n e d  d u r i n g  O r b i t  0 of TIROS T I ,  as t h e  s a t e l l i t e  i n i t i a l l y  
viewed t h e  N e w  Zealand area. T h i s  s t u d y  i s  a n  a t t e m p t  t o  u s e  
t h e  r a d i a t i o n  data t o  a e l i n e a t e  n jghi - t ime cloud ci iver i n  a 
remote " s p a r s e  data" o c e a n i c  area. 

A b r i e f  d e s c r i p t i o n  of t h e  s c a n n i n g  r a d i o m e t e r  and i t s  
r e g i o n s  of s p e c t r a l  s e n s i t i v i t y  p i -ecedes  t h e  s u b j e c t i v e  s y n o p t i c  
a n a l y s i s  of t h e  storm area. A comparison of f r o n t a l  c l o u d s  
w i t h  s a t e l l i t e  r a d i a t i o n  p a t t e r n s  and a p r e l i m i n a r y  t r o p o p a u s e  
h e i g h t  r e l a t i d n s h i p  w i t h  Channel 1 r a d i a t i o n  da ta  a re  
p r e s e n t e d .  

THE SCANNING RADIOMETER 

The s c a n n i n g  r a d i o m e t e r  i s  a f i v e - c h a n n e l  ins-cri>fiient t h a z  
p r o v i d e s  measurements of t h e  t e r r e s t r i a l  and r e f l e c t e c  so la r  

r a d i a t i o n ,  i n  s e l e c t e d  regions of t h e  i n f r a r e d  spectrun: (Fkgu. c 1). 

f u n c t i o n s  areL: 
The f i v e  s p e c t r a l  r e g i o n s  ana  t h e i r  c h a r a c t e r i s t i c  

Channel  1: 6.0-6.5 microns  - water vapor  absorp t i .on  
Channel  2:  8-12 m i c r o n s  - a tmospher i c  window 
Channel  3: 0.2-6 mic rons  - r e f l e c t e d  so l a r  r a d i a t i o n  
Channel  4: 8-30 microns  - t h e r m a l  r a d i a t i o r ,  from t h e  

e a r t h  and atmosphere 
Channel  5: 0.55-0.75 microns - v i s i b l e  r e f e r e n c e  

and  dayt ime c loud  cove r  
The approximate  t r a n s m i s s i o n  charac te r i s t ics  of t h e  t h r e e  

long-wave c h a n n e l s  (1, 2 ,  and 4) a r e  shown i n  F i g u r e  2 .  
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The r a d i o m e t e r  de tec ts  t h e  r a d i a t i o n  ene rgy  f l u x  viewed 
d u r 1 n g . a  s c a n  by means of a n  o p t i c a l  sys t em designed t o  chop 
and  a p p l y  t h e  r a d i a t i o n  t o  f i v e  t h e r m i s t o r  d e t e c t o r s .  A f i l t e r  

s y s t e m  is employed t o  s e p a r a t e  t h e  f i v e  s p e c t r a l  r e g i o n s .  

w h i c h  r e s u l t s  i n  a f i e l d  of view encompassing a p p r o x i m a t e l y  
40 x 40 s t a t u t e  m i l e s  on the earth when t h e  sensor n a d i r  angle 
i s  zero. An i n c r e a s e  i n  n a d i r  a n g l e  r e s u l t s  i n  a n  e l o n g a t i o n  
of the f i e l d  of view i n  the  viewed d i r e c t i o n .  The o p t i c a l  a x e s  
of t h e  f i v e  c h a n n e l s  are p a r a l l e l  t o  one  a n o t h e r  and  i n c l i n e d  
t o  t h e  s a t e l l i t e  s p i n  a x i s  by 45O. Three ea r th  s c a n n i n g  modes 
o r  p a t t e r n s  of t he  radiometer,  a s  shown i n  F i g u r e  3, may be 
descr ibed as f o l l o w s  :g 

The radiometer has e f i v e  degree by five degree view angle 

Closed  Mode: A l l  scan s p o t s  t h roughou t  a number of 
s p i n  c y c l e s  of t h e  s a t e l l i t e  are ea r th -v iewed ,  e i ther  
through t h e  " w a l l "  ( s i d e )  s e n s o r  or t h e  " f l o o r "  
( b a s e p l a t e )  s e n s o r .  
S i n g l e  Open Mode: Some s c a n  s p o t s  of a s p i n  c y c l e  
are s p a c e  viewed and t h e  remainder  are ear th  viewed 
th rough  t h e  w a l l  s e n s o r  on ly  o r  t h rough  t h e  f l o o r  
s e n s o r  o n l y .  
A l t e r n a t i n g  Open Mode: The s c a n  s p o t s  of a s p i n  
c y c l e  are a combina t ion  of s p a c e  and ear th  viewed,  
a l t e r n a t e l y  th rough  t h e  w a l l  s e n s o r  and the  f l o o r  
s e n s o r .  

r o t a t i o n  of t h e  s a t e l l i t e  (8-12 rpm) p r o v i d e s  t h e  
r a d i o m e t e r  w i t h  a s c a n  sweep t h a t  a l t e r n a t e l y  v iews  o u t e r  s p a c e  
( n e a r  z e r o  r a d i a t i o n )  and t h e  e a r t h ' s  s u r f a c e .  The s e n s o r s  
measure  t h e  d i f f e r e n c e  i n  energy f l u x  o v e r  t h e  scanned  f i e l d  of 
v iew.  The o u t p u t  of the  s e n s o r  i s  recorded and t r a n s m i t t e d  t o  
t h e  ground s t a t i o n s  where i t  i s  c o n v e r t e d  e l e c t r o n i c a l l y  i n t o  
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u s a b l e  f o r m ,  A deta i led  d e s c r i p t i o n  of tne data handli i ig  and 

cGnvers ion  p r o c e s s  i s  g iven  i n  Reference  3. 
The o u t p u t  of t h e  r a d i o m e t e r s  c a n  be descr ibed  i n  t e r m s  of 

either equ i -va len t  blackbody t e m p e r a t u r e s  (degrees K e l v i n )  or 
w a t t s  p e r  s q u a r e  meter of r a d i a n t  emit tance w i t h i n  t h e  s p e c t r a l  
r e s p o n s e  c u r v e  of each c h a n n e l  ( F i g u r e  4.)- The r e l a t i v e  
a c c u r a c i e s  of Channels  1 and 2 were es t imated  t o  be p l u s  or 
minus 2 degrees C ,  w h i l e  t h e  a b s o l u t e  v a l u e s  may v a r y  by p l u s  
or minus 5 degrees C as a r e s u l t  of second order  e f f e c t s  i n  

5 t h e  c a l i b r a t i o n  p roceduree -  

4 

Channel 2 p r i m a r i l y  measures  t h e  r a d i a t i o n  (8-12 mic rons )  
from the e a r t h ' s  s u r f a c e  i f  there are no c l o u d s  or from t h e  t o p s  
of c l o u d s ,  i f  t h e y  e x i s t .  The r e l a t i o n s h i p  between t h e  c l o u d  
l a y e r s  and t h e  e m i t t e d  i n f r a r e d  r g d i a t i o n  h a s  been e x p r e s s e d  as  
f o l l o w s :  "An o v e r c a s t  of dense  midd le  and h i g h  c l o u d s  whose 
t o p s  are  c o l d ,  e m i t s  r e l a t i v e l y  l i t t l e  ene rgy .  By c o n t r a s t ,  
nea rby  areas of lower c l o u d s  o r  broken c l o u d s  o r  c l o u d l e s s  areas 
e m i t  more ene rgy .  I f  t h e  r a d i a t i n g  s u r f a c e  i s  opaque,  t h e  
e n e r g y  e m i t t e d  by t h e  s u r f a c e  and measured by t h e  s a t e l l i t e  is  
re la ted  t o  t h e  t e m p e r a t u r e  of  t h e  s u r f a c e ;  otherwise,  t h e  

r a d i a t i o n  is  a c o m p l i c a t e d  f u n c t i o n  of c l o u d  amount a n d  
s t r u c t u r e ' ' e -  A p r e l i m i n a r y  estimate of  o v e r c a s t  c l o u d  t o p  h e i g h t s  

can  be made by r e l a t i n g  t h e  Channel 2 e q u i v a l e n t  blackbody 
t e m p e r a t u r e s  t o  nearby  r ad iosonde  t empera tu re -he igh t  data .  

6 

Channel  4 ,  which  c o v e r s  t h e  8-12 micron window r e g i o n  as  
w e l l  a s  t h e  12-30 micron r e g i o n ,  i s  character ized by s t r o n g  
a b s o r p t i o n  bands o f  ca rbon  d i o x i d e  and water vapor .  

Channel  1 responds  t o  r a d i a t i v e  c o n t r i b u t i o n s ,  depending  
upon t h e  water v a p o r ,  t empera tu re ,  ,>ad p r e s s u r e  p r o f i l e s ,  f rom d 

broad  r e g i o n  i n  t h e  middle  and upp+r t r o p o s p h e r e .  



The r a d i a t i o n  data f o r ' c h a n n e l s  2 ,  4 and 1 ( F i g u r e s  7, 
8 and 9) were r e c o r d e d  d u r i n g  a s e v e n  minu te  p e r i o d  a t  
approx ima te ly  l o c a l  midn igh t  and were reduced  t o  u s a b l e  form 
w i t h  t h e  a i d  of a n  e l e c t r o n i c  computer ( i E X  ?990>.2 
TIROS I1 s a t e l l i t e  w a s  s p i n n i n g  a t  8.0 rpm a t  swath  1 (1223 GMT), 

700 m i l e s  s o u t h e a s t  of A u s t r a l i a .  The camera n a d i r  a n g l e  
w a s  127  degrees a t  swath  1 and s l o w l y  changed t o  159 d e g r e e s  

a t  swath 74 (1232 GMT). The swath ( r a d i a t i o n  v i e w i n g  p a t h )  
changed f r o m  a p a r a b o l i c  arc t o  a n e a r l y  c i r c u l a r  sweep 
p a t t e r n  d u r i n g  t h i s  p e r i o d ,  

The 
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F o w  i n d e p e n d e n t l y  ana lyzed  s r r r f ace  charts f o r  1200 GMT, 
November 23, 1960, were r e q u e s t e d  and r e c e i v e d  from t h e  N e w  
Zenland a n d  A u s t r a l i a n  M e t e o r o l o g i c a l  S e r v i c e s ,  t h e  Commander 
Of t h e  U . S .  Naval S u p p o r t  Fo rce  i n  A n t a r c t i c a ,  and  from t h e  

I n  ; e r n a t i o n a l  A n t a r c t i c  A n a l y s i s  C e n t e r ,  Melbourne,  A u s t r a l i a ,  
by c o u r t e s y  of t h e  U . S .  Weather B u ~ ~ e a u  r e p r e s e n t a t i v e .  A f i n a l  
contposi te  s y n o p t i c  c h a r t  and  n e p h a n l y s i s ,  ( F i g u r e s  5 and 6) , w a s  
a n a l y z e d  and  drawn from t h e  above c h a r t s  w i t h  t h e  a s s i s t a n c e  
of L t .  Comdr. John D. P l o e t z ,  W i n t e r i n g  Over O f f i c e r  1960, 

U . S .  Naval Weather S e r v i c e ,  Washington, D. C. 

The two co ld - type  s u r f a c e  m e r i d i o n a l  o c c l u s i o n s ,  shown 
i n  F i g u r e s  5 and  6 had moved east 2nd s o u t h e a s t  o f f  t h e  eas t  
c o a s t  of A u s t r a l i a  and had i n t e n s i f i e d  i n  t h e  Tasman Sea., 

w i t h i n  t h e  p r e c e d i n g  24 h o u r s  (November 22-23, 1960) e A l o n g  
noiOthsouth band of l o w  e q u i v a l e n t  blackbody t e m p e r a t u r e s  (cold 
r a c i a t i o n  s o u r c e s )  i n  t h e  Tasman Sea ( F i g u r e s  7 ,  8 and 9) : 

240 t o  258 degrees K e l v i n ,  233 t o  255 degrees K e l v i n ,  and 225 
t o  237 d e g r e e s  Ke lv in ,  f o r  c h a n n e l s  2, 4, and 1 r e s p e c t i v e l y ,  
c l e a r l y  o u t l i n e  t h e s e  wel l -deve loped  occ luded  f r o n t s .  The 
z i p - t o n e d  s h a d i n g  d e l i n e a t e s  t h e  areas of c o o l e r  e q u i v a l e n t  
b lackbody t e m p e r a t u r e s .  By r e l a t i n g  t h e  above Channel 2 t e m -  
p e r a t u r e s  t o  nearby  r a d i o s o n d e  data,  i t  w a s  estimated t h a t  t h e  

d e c s e  h i g h  o v e r c a s t  c l o u d  l a y e r s  i n  t h e  m e r i d i o n a l  o c c l u s i o n s  
ex1 elided to  5-7 k i l o m e t e r s .  

6 F r i t z  and Winston- e s t i m a t e d  t h e  c l o u d  t o p s  o v e r  t h e  
U n i t e d  S t a t e s  d u r i n g  TIROS I1 O r b i t  4 (dayt ime)  by u s e  of 
uppe r  a i r  c o n s t a n t  p r e s s u r e  c h a r t s ,  r a d i o s o n d e  r e p o r t s ,  and  

7 



t h e  c o n v e r s i o n  t o  h e i g h t  of Channel 2 e q u i v a l e n t  blackbody 
t e m p e r a t u r e s .  I t  was n o t e d  t h a t  t h e  blackbody t e m p e r a t u r e s  
Of t h i n  less -opaque  c i r r o f o r m  c l o u d s  o v e r  s u r f a c e  f r o n t s  r e l a t e d  
t o  t h e  c o n t r i b u t i o n s  of t h e  cirroform c l o u d s  and t h e  d e n s e r  
a l t o f o r m  and/or  s t r a t o f o r m  c loud  l a y e r s  below. Thus t h e  p r e s e n c e  
of t h i n  h i g h  c l o u d  l a y e r s  c a n  on ly  be deduced by an  i n t e l l i g e n t  
a n a l y s i s  of t h e  s y n o p t i c  s i t u a t i o n  a n d  from c l imato lbgica l  data. 

S m a l l e r  cold r a d i a t i o n  a r e a s  o v e r  t h e  rugged mountain 
r a n g e s  of  New Zealand i n d i c a t e  o r o g r a p h i c  - t y p e  c l o u d s  wh i l e  

l a r g e r  c o l d  r a d i a t i o n  s o u r c e s  a t  173 degrees E.Long. and  50 

degrees S. L a t .  i n d i c a t e  m u l t i l a y e r e d  s t r a t o f o r m - t y p e  c l o u d s  
t y p i c a l  of t h e  w e s t  s i de  of a m a r i t i m e  1022 m b .  s u r f a c e  h i g h .  
Broad areas of w a r m  e q u i v a l e n t  bl “ckbody t e m p e r a t u r e s :  265 t o  
282 d e g r e e s  K e l v i n ,  261  t o  273 de.;rees Ke lv in ,  and 237 t o  246 
degrees Kelv in  f o r  c h a n n e l s  2 ,  4 - n d  1 o c c u r  o v e r  three s u r f a c e  
h i g h  p r e s s u r e  r e g i o n s .  W a r m  r ad ic t t i on  s o u r c e s  i n d i c a t e  areas 
that are:  (1) cloudless, (2) covered by w a r m  low clouds, or 

6 
(3 )  c o v e r e d  by s c a t t e r e d  or bDoken c l o u d s  o v e r  a w a r m  s u r f a c e . -  
The t h i r d  wea the r  c o n d i t i o n  best  d e s c r i b e s  t h e  s y n o p t i c  c l o u d  
c o v e r a g e  o v e r  t h e  weak s u r f a c e  m a r i t i m e  h i g h s .  

Based upon t h e  s u b j e c t i v e  i n t e r p r e t a t i o n  of t h e  three w e l l -  
cor re la ted  se t s  of r a d i a t i o n  d a t a ,  the w a r m  f r o n t  o r i g i n a l l y  
drawn s o u t h  of N e w  Zealand w a s  redrawn as a n  upper  w a r m  f r o n t  
and  the  s u r f a c e  p o r t i o n  p l a c e d  m e r i d i o n a l l y  t o  t h e  w e s t  o f  Sou th  
I s l a n d ,  N e w  Zea land ,  ( F i g u r e  7). 

A t  1200 GMT, November 23, 1960, s u r f a c e  a i r  t e m p e r a t u r e  
and  sea water t e m p e r a t u r e  char t  w a s  drawn a n d a a l y z e d ,  and  a 
com2ar ison  made where t h e  warmest Channel 2 equ iva le lk  t e m p e r a t u r e s  
(282 and 278 degrees Kelv in)  occui-red.  (See F i g u r e  10). A t  1680E 

l o n g .  42OS L a t . ,  t h e  Channel 2 e q u i v a l e n t  t e m p e r a t u r e s  were n o t e d  
t o  be 6 t o  10 degrees Ke lv in  c o l d e r  t h a n  t h e  sea water t e m p e r a t u r e s ,  



T h i s  d i f f e r e n c e  w a s  p robably  caused by t h e  2ac-t; t h a t  some 
energy i n  Channel 2 is  st i l l  r e c e i v e d  from water vapor  and 
Ozone i n  t h e  a tmosphere ,  i . e . ,  t h i s  channe l  i s  n o t  an  e n t i r e l y  
t ran p a I> e II t; 

The most complete  upper a i r  i n f o r m a t i o n  f o r  t h e  850 m b  

t I.,. < w LiidOW" . 

up th rough t h e  200 mb c o n s t a n t  p r e s s u r e  l e v e l s  W Z L S  a v a i l a b l e  
a t  0000 GMT, November 23  and 24, 1960. The 300 mb c h a r t  
( F i g u r e  11) 0000 GMT, 23 November 1960, w a s  selected t o  show 
t h e  s t r o n g  c i r c u l a t i o n  p a t t e r n  wh ich  p e r s i s t e d  from t h e  700 mb. 
t o  t h e  200 mb. l e v e l  f o r  t h e  24 hour  p e r i o d .  A s t r o n g  j e t  

stream (140 k t  maximum) i s  o u t l i n e d  by t h e  120 k t  i s o t a c h  a l o n g  
t i e  160 degree  E mer id i an  over  Mazquarie I s l a n d ,  approx ima te ly  
5 d e g r e e s  w e s t  of t h e  s u r f a c e  froTit. A secondary  SO k n o t  
i s o t a c h  maximum is  shown n o r t h e a s t  of North I s l a n d ,  N e w  Z e a l a n d .  

7 A i r c r a f t  weather  r e p o r t s  (F igu re  12)- which  w e r e  p l o t t e d  
from 0013 GMT t o  2330 GMT November 23,  1960 he lped  t o  v e r i f y  
t h e  1200 GMT s u r f a c e  s y n o p t i c  a i za lys i s  ( F i g u r e  5 ) .  M u l t i p l e  
1 : t y e r s  of  l a v  c l o u d s  ( s t r a t o f o r m  and cumuloform, w i t h  bases 
from 3000 $0 5000 f e e t  and tops  from 6000 t o  8000 f e e t )  middle  
c l o u d s  ( a l t o s t r a t u s - a l t o c u m u l u s ,  w i t h  bases from 8000 t o  11,000 

f e e t , a n d  t o p s  f r o m  18,000 f e e t )  and h i g h  c l o u d s  ( c i r r o s t r a t u s  
w i t h  b a s e s  of 25 ,000  f e e t ) ,  and l i n e s  of thunders torms  
(cumulonimbus w i t h  t o p s  i n d i c a t e d  a t  28 ,000  f e e t  by a i r c r a f t  
r a d a r )  were r e p o r t e d  i n  t h e  area of the  f r o n t  between zones 30 
to 40 d e g r e e s  S. Broken a l t o s t r a t u s  and c i r r o s t r a t u s  c l o u d  
l a y e r s w e r e  r e p o r t e d  by a i r c r a f t  a t  0612 and 0627 GMT i n  t h e  
Tasinan Sea .  These dense ,  opaque c l o u d  d e c k s ,  w i t h  t o p s  18000 

t o  25 ,000  f e e t  are confirmed by t h e  240 t o  258 degree  K e q u i v a l e n t  
blackbody t e m p e r a t u r e s  recorded  6 hour s  l a t e r  by Channel 2 
( F i g u r e  7). 

9 
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P i l o t  wea the r  r e p o r t s ,  w i t h  an assist from a i r c r a f t  
r a d a r ,  were c o n s i d e r e d  t o  be among t h e  most v a l u a b l e  s o u r c c s  
of c l o u d  i n f o r m a t i o n  a t  n i g h t  over t h i s  remote m a r i t i m e  area. 

Thus,  t h e  e x p e r i e n c e d  meteor0 L o g i s t ,  t h r o u g h  t h e  j u d i c i a l  
ccmbina t ion  of TIROS I1 r a d i a t i o n  data ,  a i r c ra f t  w e a t h e r  reports ,  

a n d  a l l  a v a i l a b l e  s u r f a c e  cha r t s  and upper  a i r  i n f o r m a t i o n ,  c a n  
o b t a i n  a r e a s o n a b l y  d e t a i l e d  n o c t u r n a l  d e s c r i p t i o n  of t h e  h o r i -  
z o n t a l  and v e r t i c a l  c l o u d  d i s t r i b u t i o n  i n  t h e  s tormy Tasman Sea .  

TBOPOPAUSE HEIGHT ESTIMATE 

8 9 Widger and T o u a r t  and House and B lankensh ip -  have 
i n d i c a t e d  t h a t  t h e  Channel 1, 6.0-l5.5 micron r a d i a t i o n  data 

5- inay be u s e f u l  i n  e s t i m a t i n g  t ropopause  h e i g h t s .  Hanel and Wark- 

have shown t h a t  Channel 1 responds  t o  water vapor  emis s ion  i n  a 
b road  r e g i o n  of t h e  middle  ana upper t r o p o s p h e r e  w i t h  t h e  

maximum c o n t r i b u t i o n s  emanat ing  from t h e  v i c i n i t y  of  400 m b .  

I n  o r d e r  t o  v e r i f y  t h i s  he igh t  estimate,  Channel 1 e q u i v a l e n t  
blackbody t e m p e r a t u r e s  o v e r  5 rad iosonde  s t a t i o n s  were c o n v e r t e d  
t o  " e f f e c t i v e  r a d i a t i n g  h e i g h t s "  by means of F i g u r e s  13 and 14 
and  a n a l y z e d  i n  F i g u r e  15. The e f f e c t i v e  " h e i g h t s "  were sub-  
t r x t e d  from t h e  a c t u a l  t ropopause  sound ing  h e i g h t s  a t  OOOOZ on 
NoJember 23 ,  1960 and a v e r a g e d  i n  Table I .  The t ropopause  
h e i g h t s  were de te rmined  i n  accordance w i t h  t h e  WMO d e f i n i t i s r ?  
i n  AWS Manual 105-124.L The b a s e  of a lower i n v e r s i o n  a t  
3 6 , 3 5 0  f t .  a t  I n v e r c a r g i l l  w a s  u sed  i n  Tab le  1, because  i t  
c l o s e l y  approximated  t h e  WMO d e f i n i t i o n  f o r  a c o n v e n t i o n a l  t r o g o -  
p a u s e .  The lower p o l a r  t ropopause  h e i g h t  (32,700 f t )  w a s  u sed  
a t  Auckland,  which e x h i b i t e d  a m u l t i p l e  t ropopause  s t r u c t u r e .  

1 n. 
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Tab le  I i n d i c a t e s  t h a t  the  Channel 1 (6.0-6.5 micron)  
maximum i n t e g r a t e d  r a d i a t i o n  l e v e l  ave raged  8705 f e e t  below t h e  

t r o p o p a u s e  and  q u a l i t a t i v e l y  conf i rms  t h e  work of Hanel and  Nark. 

The TBB f o r  Channel l averaged 18% war'mer thhaii t h e  t r c p o p a u s e  
t e m p e r a t u r e s ,  i n  t h i s  s t u d y .  

1. R .  Bandeen, Goddard Space F l i g h t  C e n t e r E  s u g g e s t e d  an 

I .  

e m p i r i c a l  e q u a t i o n  t o  o b t a i n  a c l o s e r  t ropopause  h e i g h t  estimate 
from t h e  Channel 1 data:  

(T Chanl' 1 [°K]-200) (1)  Tropopause He igh t  = 55,000 f e e t  - 530 BB 
A comparison of t h e  t r o p o p a u s e  h e i g h t  f rom t h e  same, 'J .radiosonde 
s o u n d i n g s  w i t h  t h e  e s t ima ted  t ropopause  h e i g h t s ,  by u s e  of 
e q u a t i o n  (l),  is shown i n  Tab le  11: 

TABLE I1 

Trop. E s t .  Trop. Height 
He igh t  He igh t  D i f f e r e n c e  , T r o p o pail s e 

S t a t i o n  ( f e e t )  ( f ee t )  ( f e e t )  Charac te r i s t ics  

Auckl and 32,700 35 , 390 -2,690 m u l t i p l e  

33 , SO0 -2 , 550 s i n g l e  I n v e r c a r g i l l  36,350 
39 , 100 - 100 s i n g l e  Campbell Is. 39,200 
32 , 740 -2 , 060 s i n g l e  Macquarie  Is. 34,800 

C h r i s t c h u r c h  33,850 34 , 860 +1,010 s i n g l e  

Tab le  I1 i n d i c a t e d  t h a t  t h e  es t imated t r o p o p a u s e  h e i g h t  i 'anged 
w i t h i n  +lo10 t o  -2690 f t .  a t  r ad iosonde  s t a t i o n s  w i t h  s i n g l e  and  
m u l t i p l e  t r o p o p a u s e s .  

g a t i o n  of t r o p o p a u s e  h e i g h t s  and t e m p e r a t u r e s  s ta ted:  "With %he 

e x c e p t i o n  of  t h e  v e r y  n o r t h e n l l a t i t u d e s  (75O t o  90°N) , the c l o s e  

r e l a t i o n s h i p  between t ropopause  h e i g h t  and t r o p o p a u s e  t e m p e r a t u r e  

12 
D e f a n t  and  Taba-, i n  t h e i r  worldwide hemisphe r i c  i n v e s t i -  
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seem t o  be almost p e r f e c t l y  f u l f i l l e d  i n  t h e  s e n s e  t h a t  a n  
i n c r e a s e  i n  h e i g h t  goes  p a r a l l e l  w i t h  a decrease i n  t e m p e r a t u r e  
o r  v i c e  v e r s a  (compensat ion p r i n c i p l e ) " .  One can  presume t h a t  

tne same r e i a t i o n s h i p  holds  for t h e  southern hemisphere .  
Since tropopause temperatures and he ights  are operational 

r e q u i r e m e n t s  for t h e  s t r a t o s p h e r e  f l i g h t s  of m i l i t a r y  and 
c i v i l i a n  a i r l i n e  aircraft--, more comprehensive s t u d i e s  of t h e s e  
p a r a m e t e r s  w i t h  TIROS r a d i a t i o n  data w i l l  be made i n  t h e  f u t u r e .  

13 

CONCLUSIOX 

The TIROS I1 r a d i a t i o n  charts d e s c r i b e d  i n  t h i s  s t u d y  p o i n t  
t o  t h e  m e t e o r o l o g i c a l  p o t e n t i a l  of s a t e l l i t e  r a d i a t i o n  cove rage  
as a n  i m p o r t a n t  means of s y n o p t i c  o b s e r v a t i o n  of  f r o n t a l  move- 
ment and  i n t e r p r e t a t i o n  of l a r g e  scale  a tmosphe r i c  f low 
p a t t e r n s .  
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F i g u r e  5 .- S u r f a c e  S y n o p t i c  C h a r t  f o r  t h e  N e w  Zea land  Lrea, 
Showing Sca -Leve l  I s o b a r s  a n d  F r o n t s ,  1200 GMT, 
23 Novcmber 1960. S a t c l l i t e  T r a c k  d u r i n g  O r b i t  0 

is shown by  a Heavy Dashed  L i n e ,  w i t h  a D o t  I n d i c a t i n g  
e v c r y  h l i n u l ; ( ?  o f  Tiine. 
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Figure 7 - Radia t ion  Blrtp from the  TIItOS I1 5-Channel Scanning 
Radioiiieter ; Channel 2 ,  O r b i t  0 ,  23 November 1960, 

1226-123U Ghl'l', Orbit, 0.  ( N e w  Zealaiid w a s  z ip- toned 

f 01% o r i e n t a t i o n  purposcs)  
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Figure 8 - Radia t ion  Maps from the TIROS I1 5-Channel Scanning 
Radiometer; C h a n n e l  4, O r b i t  0 ,  2 3  November 1960;  
1220-1230 GMT, Orbit 0. 
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Figure 9 - Radi-att ion Wap froin thci  ‘1’1:ROS I1 5-Channel Scanning 
Radiomctc r  ; Chxiiiiel 1, Orbit 0 ,  23  Noveinbcr 1960 ; 
1220-1230 GMT, O r b i t  0 ,  
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F i g u r e  10  - Sur face  Air Temperature  and Sea Water Temperature 
Chart f o r  the N e w  Zcalniid Area, 12(20 GMT, 
2 3  Novembci. 1960. 
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Figure  11 - 300 nib. C o n s t a n t  P re s su re  Char t ,  0000 GMT, 

23  November 1960. 
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Figure 13 - Radiosonde Sound ings ,  0000 GMT, 23 November 1960. 

The s o l i d - l i n e  shows t e m p e r a t u r e  d i s t r i b u t i o n ;  
t h e  dashed  l i n e ,  dcwpoin t  d i s t r i b u t i o n .  
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F i g u r e  14  - Radiosonde Sound ings ,  0000 GMT, 23 November i5uu. 
The s o l i d  l i n e  shows t e m p e r a t u r e  d i s t r i b u t i o n ;  
t h e  dashed  l i n e ,  dewpoiii t  d i s t r i b u t i o n .  
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Figure 15 - Tropopause He igh t  C h a r t ,  0000 GMT, 23 Noveiiiber 1960. 


